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(57)Abstract: 

PURPOSE: To improve heat transfer performance by so providing protrusions of rtiombic 
truncated pyramidal shape having a special height in a zigzag state through grooves each 
having a special bottom width on an inner surface of a tube that the longitudinal direction of 
the protrusion becomes parallel with the axial direction of the tube. 

CONSTITUTION: Many protrusions 2 of rhombic truncated pyramidal shape so are formed in 
a zigzag disposition on an inner surface of a wall 4 of a heat transfer tube as to be slender to 
extend in an axial direction of the tube. Each protrusion 2 has a height (h) of 0.1 -0.4mm. The 
higher the height (h) becomes, the larger a condensing heat transfer rate in the tube becomes 
to improve its condensing performance, and if it exceeds 0.4mm, refrigerant pressure loss is 
increased. If it is lower than 0.1mm, an improvement in the condensing performance cannot 
be desired. Two types of the grooves between the protrusions 2 and 2 are all so formed that 
the bottom widths W of the grooves become 0.1-0.3mm. If it becomes narrower than 0.1mm, 
a liquid film becomes thick to reduce the condensing heat transfer rate. If it becomes wider 
than 0.3mm, its heat transfer area is reduced to decrease the performance. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the heat exhanger tube for condensers, and it is related with the 
technique of aiming at enhancement in the heat-conducting characteristic ability of such a heat exhanger tube 
especially. 
[0002] 

Background of the Invention] From the former, the simple plain tube of the pipe gestalt with a smooth spool front face 
and the internal-surface-of-parietal-bone spiral fluting spool with which it comes to prepare a spiral slot in a spool 
internal surface of parietal bone have been used as a heat exhanger tube for condensers in the heat exchanger for air- 
conditioning like a room air-conditioner and a package air-conditioner etc. Although especially the internal-surface-of- 
parietal-bone spiral fluting spool tended to raise the condensation performance by presence of the spiral slot of the 
internal surface of parietal bone, the condensation performance of a present internal-surface-of-parietal-bone spiral 
fluting spool was close to the limitation. 

[0003] by the way, in order to raise the condensation performance of a heat exhanger tube (a) An expansion of an 
internal-surface product, thin-film-izing of (b) condensate layer, and enhancement in a liquid issue speed, ** — the 
required thing accepting and especially the heat transfer rate of the fraction which the spool internal surface has 
exposed about the above-mentioned (b) If a value high about 10 times may be shown and it is made to expose a wall 
surface as compared with it of a fraction in which the liquid membrane is formed for this reason, that high heat- 
conducting characteristic ability is obtained accepts. It was not what may fully satisfy the above-mentioned 
requirements for (b) from the place where it **s, and the fluid (refrigerant) made to circulate the inside of a spool 
although the above-mentioned requirements for (a) are satisfied serves as a revolution style along a spiral slot at, and 
the conventional internal-surface-of-parietal-bone spiral fluting spool forms a uniform liquid membrane in a spool 
internal surface of parietal bone at, and the issue speed of liquid benefits a revolution style low. 
[0004] In short, although an expansion of** spool internal-surface product, promotion of the wall surface denudation 
from ** liquid membrane, and the enhancement in ** liquid piece nature (setting especially in the spool crowning) 
specifically needed to be taken into consideration in case of the design of the highly efficient condensation heating 
surface, even if it was in the internal -surface-of-parietal-bone spiral fluting spool not to mention the conventional plain 
tube, it was not what fully satisfies them. 

[0005] On the other hand, although the grid fluting spool which comes to form a salient of the shape of much square 
drill in a spool internal surface of parietal bone is proposed by JP,61-57087,B as a heat exhanger tube for condensers 
excellent in the condensation performance If it is in such a heat exhanger tube especially, there are problems by the 
machine expansion at the place where the internal-surface-of-parietal-bone salient is made into the square drill 
configuration to the time of heat exchanger (condenser) assembly, such as crushing of a crowning and occurrence of a 
burr, by this It was not what can fully demonstrate the heat-conducting characteristic ability or the ****** performance 
as a condenser. 
[0006] 

[Problem(s) to be Solved] In here, this invention makes such a situation a background, it succeeds in it, and the place 
made into the technical probrem is to offer the structure of a heat exhanger tube where enhancement in a performance 
as a condenser can be aimed at. 
[0007] 

[Means for Solution] And this invention makes the summary the heat exhanger tube for condensers which comes to 
prepare a salient of a height:0.1 -0.4mm rhombus square frustum configuration in a spool internal surface of parietal 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran__web_cgi_ejje 



5/2/02 



Page 2 of 3 



bone for such a technical -probrem resolution alternately through a slot base width:0. 1 -0.3mm slot so that the 

longitudinal direction of this salient may become parallel to the orientation of a tube axis. 

[0008] 

[Function] If it is in this invention, a salient of a majority of square frustum configurations is alternately prepared in a 
spool internal surface of parietal bone at intervals of a predetermined height and predetermined by the rhombus, thus, 
by this The condensation refrigerant liquid which the expansion of a spool internal-surface product of is attained, and is 
made to circulate does not serve as a revolution style, but it comes to flow the spool pars basilaris ossis occipitalis, and 
a liquid issue speed also becomes early further as compared with a revolution style. 

[0009] Moreover, a salient of the square frustum configuration of such a rhombus so that it may be prolonged in the 
orientation of a tube axis By being arranged alternately so that the longitudinal direction may become parallel to the 
orientation of a tube axis, if it puts in another way The pressure loss (resistance) at the time of dipping of condensation 
refrigerant liquid may be mitigated advantageously, further each salient with a square frustum configuration From the 
place the crowning is flat, crushing of the crowning and the occurrence of a burr by machine expansion at the time of 
the assembly of a condenser (heat exchanger) may also be reduced advantageously. 
[0010] 

[A concrete configuration and an example] By the way, the salient 2 of a majority of rhombus square frustum 
configurations where it follows this invention in those drawings although an example of the internal-surface-of- 
parietal-bone gestalt of the heat exhanger tube for condensers according to such this invention is shown in the drawin g 
1 and the drawing 2 is formed in the internal surface of parietal bone of the tube wall 4 of a heat exhanger tube in 
alternate arrangement as a long and slender thing prolonged in the orientation of a tube axis. And such salient 2 is set to 
0.1 -0.4mm heighth according to this invention. Although the rate of the heat transfer of condensation in a spool 
becomes large and a condensation performance improves the more from the place which a spool internal surface comes 
to expose the more height:h of salient 2 becomes high as it is ** and it is shown in drawing 3 if it is because refrigerant 
pressure loss will become large abruptly if the height:h comes to exceed 0.4mm and it becomes lower than 0. 1mm — 
the condensation performance of a present spiral fluting spool, and abbreviation — it is because it becomes impossible 
to fully attain the enhancement in a condensation performance which becomes of the same grade and is made into the 
purpose 

[001 1] In addition, if it is in such salient 2, generally as an angle which two, vertical -angle: alpha and ** which will 
give the diagonal line of the shorter one of a rhombus if it puts in another way, cross, 20-30 degrees will be adopted. 
Vertical-angle:alpha of this salient 2 is because molding of the salient 2 of such a configuration will become difficult if 
it becomes smaller than 20 degrees, although liquid piece nature has a good method of the parvus, and when it comes to 
exceed 30 degrees, it is because liquid piece nature gets worse abruptly. Moreover, while length:l of the longitudinal 
direction (the orientation of a tube axis) of such salient 2 is generally set to about 0.2-0.6mm, generally length:m of 
orientation right-angled to the longitudinal direction will be set to 0.1-0. 3mm. 

[0012] And the salient 2 of the square frustum configuration of such a rhombus is made to be alternately located in the 
orientation of a tube axis so that clearly also from a drawing by two kinds of slots 6 and 6 which cross mutually and 
which make a predetermined angle to a tube axis. In this invention, such salient 2 and two kinds of slots 6 and 6 
between two are formed so that the slot base width:w may be set to 0. l-0.3mm by what **. Since the slot cross section 
will serve as smallness if slot base width:w becomes narrower than 0.1mm so that clearly from the graph which shows 
the relation of slot base width:w and the rate of the heat transfer of condensation in a spool which are ** and are shown 
in drawing 4 It is because a liquid membrane becomes thick and the rate of a heat transfer of condensation comes to 
fall, and is because a performance will fall too in order that a heating surface may decrease, although a liquid 
membrane will become thin, if it becomes larger than 0.3mm. 

[0013] Moreover, although the heat-conducting characteristic of the heat exhanger tube (salient height:0.3mm, slot base 
width:0.2mm) which comes to prepare the salient of a rhombus square frustum configuration according to such this 
invention in a spool internal surface of parietal bone was evaluated using the usual heat-conducting characteristic 
ability measuring device with the conventional plain tube or the intemal-surface-of-parietal-bone spiral fluting spool 
and the result was shown in drawing 5 The heat exhanger tube according to this invention shows the twice [ about ] as 
many rate of a heat transfer of condensation as this as compared with about 3 times and the internal -surface-of-parietal- 
bone spiral fluting spool as compared with the plain tube so that clearly from this drawing 5 . In addition, the test 
condition adopted in this performance comparison examination is as the following table 1. 
[0014] 
[Table 1] 



http ://www4 . i pdl j po. go.j p/cgi -bi n/tran_web_cgi_ej j e 



5/2/02 



Page 3 of 3 









WML* MP a 


0.5 3 


— 


mm± mp a 




1.9 4 


mm. °c 


1 (ftP) 


4 0 (AP) 






1 (ffiP) 


Wm&& kg/m 2 s 


10 0-400 


kW/m 2 


1 8 


1 8 




1 6 


1 6 


mmum °c 


1 0~2 5 


2 5 — 4 5 



[0015] By the way, after forming a salient of a predetermined rhombus square frustum configuration fundamentally to 
the metal strip which consists of well-known heat exhanger tube materials, such as copper or its alloy, the heat 
exhanger tube according to such this invention will carry out a roll forming tubular, and will be manufactured by 
welding the matching section. For example, using the fluting roll with which the slot which has the tilt angle of a 
bilateral symmetry bordering on the center of shaft orientations is formed, to the predetermined metal strip, rolling can 
be performed twice and the salient of a square frustum configuration can be formed by the target rhombus by changing 
the slot inclination orientation of the fluting roll for the 1st rolling, and the fluting roll for the 2nd rolling in that case. In 
addition, although a slot tilt angle turns into the tilt angle of the slot 6 to a tube axis as it is in that case, generally it will 
consider as about 10-40 degrees. Moreover, when a slot inclination carries out strip processing of the metal strip one by 
one with these two fluting rolls mutually, using two fluting rolls of an opposite direction as other manufacture 
technique By rolling out a predetermined metal strip using the technique of fabricating a salient of a rhombus square 
frustum configuration, and the reduction roll which comes to prepare many depressions of the square frustum 
configuration corresponding to the salient configuration made into the purpose in a roll front face The technique of 
forming the salient of a configuration corresponding to such a depression in a strip front face etc. is employable. 
[0016] As mentioned above, although this invention has been explained in full detail based on the example of this 
invention, in what this invention is interpreted as by limiting only to the example of such instantiation, there is never 
nothing and it should be understood that change to which it becomes various, correction, enhancement, etc. can be 
added to this invention based on this contractor's knowledge unless it deviates from the meaning of this invention. 
[0017] 

[Effect of the Invention] According to this invention, by having prepared alternately the salient of a height:0.1 -0.4mm 
rhombus square frustum configuration through the slot of 0.1 -0.3mm of the slot base width The effective enhancement 
in the heat-conducting characteristic ability as a condenser is attained, and such a salient by having prepared so that the 
longitudinal direction might become parallel to the orientation of a tube axis By having made the crowning flat, 
resistance at the time of circulation of a fluid (refrigerant), as a result mitigation of pressure loss having been achieved, 
and having used the salient as the square frustum configuration further Crushing of the crowning and the occurrence of 
a burr by the machine expansion at the time of assembly may be reduced advantageously, and condensation 
performance degradation can suppress effectively. 
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